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Abstract: As small and medium enterprises, such as craftsmen in the building 
sector, are often unable to invest in larger scale software solutions, full-blown on-
line product configurators with embedded real-time 3D rendering appeared to 
have been out of reach for most of them so far, because of comparatively high in-
vestments; considering programming and launch as well as maintenance, espe-
cially regarding the necessary effort to ensure smooth front-end availability and 
performance. This paper discusses the possibilities to develop and implement 
online-configurators with 3D representations as small scale solution for SMEs 
in the design-product and building sector. In this context an exemplary overview 
is presented and discussed; starting with the parametric design of the product 
in Rhino/Grasshopper, moving on to the translation of its geometry into webGL 
embedded in a JavaScript/PHP-combination for 3D representation in a simple 
online-configurator and then importing customer-chosen values for the definition 
of product-instances back into the Rhino/Grasshopper CAD environment, with 
the aim of semi-automatically creating production data for the CNC-milling of 
customized product-parts.
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INTRODUCTION
In 2013, Piller and Piroozfar have shown a variety 
of concepts and approaches to use mass customi-
zation (which is spelled “mass customisation” in 
the title of their publication) and the accompa-
nying tools, such as online-configurators, in the 
building sector and the field of architecture [1]; 

there appears to be a growing trend to apply mass 
customization in this area e. g. in offering furni-
ture to customers who are enabled to make final 
adjustments of the product before ordering. The 
configurator database of 2015, released by Paul 
Blazek et. al. [2] lists comparatively few configu-
rators in this sector, considering that parametric 
design as a term and technique has been around in 
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design and architecture for quite some time. One 
of the reasons may be the considerable technical 
effort to ensure smooth front-end availability if 
3D representation is wished for [3], but generally 
also budget and easy implementation in the over-
all workflow play an important role for small and 
medium enterprises, and lack of one or the other 
may be a serious obstacle.

1. ACCESSIBILITy OF 3D VISUALIZATION 
WEBTOOLS
In recent years the accompanying online-solu-
tion to OpenGL, webGL (which is commonly used 
within JavaScript frameworks) has offered a 
technical environment for relatively easy-to-im-
plement interactive 3D representation. Using the 
<canvas>-tag as part of HTML5, web-applications 
can be programmed that allow for an interactive 
3D representation of more or less complex ob-
jects. In the following example of a simple mod-
ular shelf system in an online configurator, PHP 
has been used in addition to enable the user not 
only to interact with the 3D representation of the 
object by zooming and turning, but also by chang-
ing its parameters and thus altering its geometry  
(Figure 1). 

These parameters not only change the online 3D 
representation, but can also be send to the manu-
facturer, who first and foremost need the data (al-
tered by individual specification), not necessarily 
the 3D web-image. The latter usually serves, as 
its main purpose, as an illustration of the changes 
made by the customer to him-or herself.

2. DATA-PROCESSING IN RHINO/GRASS-
HOPPER
In the proposed workflow the manufacturer is 
using Rhino/Grasshopper to further process the 
data sent by the customer (Figure 2). Rhino is used 
here since it is still a comparatively low-cost CAD 
tool with a powerful selection of APIs, enabling 
further manipulation. Also, it is especially suited 
for parametric design tasks with a low-barrier ap-
proach via the free of charge Grasshopper plug-in 
for graphical macro programming.

2.1 Importing Customer-Generated Data
Grasshopper is equipped with a special node, 
which allows to import text from a .txt-file. This 
means the geometry of an object constructed 
within Rhino/Grasshopper may be changed with-

Figure 1: 
Simple online-configu-
rator with interactive 3D 
representation
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out even touching any lever inside the Grasshop-
per UI, the 3D modell is changed just by opening 
the .gh-file.

2.2 Further Customer-Dialogue
The .gh-file is the basis for visualization output 
out of Rhino. It provides the 3D model as the basis 
for photorealistic renderings, plan with measure-
ments and price-calculation, that can be send to 
the customer as text/and or .jpg-file as part of a 
(standardized) e-mail or in print.

2.3 Semi-Automated Export of the  
Machine Program
An export node similar to the text import can be 
used to further process the data and automatical-
ly write the program for the CNC milling machine 
and/or e. g. for the output of parts lists which then 
can be used in the shop or within additional soft-
ware to optimize material use.

Figure 2: 
Overview of the ordering 

process 
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3. PREPARING PRODUCT-SPECIFIC 
DATA-ENVIRONMENTS
3.1 Production of the Product-Specific 
Grasshopper Geometry
If the manufacturer has a certain product he/she 
wants to offer via an online configurator, the prod-
uct needs to be parametrically constructed once, 
using the text-import node for referencing the dis-
crete and steady variables, which will be supplied 
later by the customers. The production of such 
a macro program in Rhino/Grasshopper can be 
externalized; this software-combination is of ad-
vantage regarding the described overall workflow 
scenario, since it doesn’t require deep program-
ming knowledge to produce e. g. modular and 
especially orthogonal products or product parts, 
that leave certain parameters up to the custom-
ers’ choice. Still, that doesn’t imply, that crafts-
men have to turn to programming. Such graphical 
macro programming can be managed by students, 
alumni and professionals working in the fields of 
design and architecture - persons who are closer 
to the products in question than professional pro-
grammers, but still (often) already equipped with 
the necessary IT skills.

3.2 Production of the Product-Specific 
Machine Program
During a workshop in 2013 in Cologne held by Hans 
Sachs from responsive design studio [4] and his 
colleague Sebastian Bächer the author learned 
about their specific strategy of automatically gen-
erating text out of fixed and variable text blocks 
that translated with the help of simple Visual Ba-
sic scripting into full .mpr-syntax. A .mpr-file in 
turn can be used e. g. inside the software Wood-
Wop, which allows for digital communication with 
the CNC milling machine in the shop. The produc-
tion auf this part of the product-specific .gh-file 
requires a certain specific degree of know-how 
which can be acquired in a two-day workshop, or 
else this piece of the macro program can also be 
punctually externalized whenever a new product 
is introduced. The general aim is to reduce or 
eliminate the need for shop floor programming 
(SFP) [5].

4. CONCLUSION
The proposed workflow offers designers and 
craftsmen/manufacturers a comparatively low-
cost solution for implementing parametric design 
and online configurators in the overall strategy of 
their enterprise. It shows an approach that opens 
up the possibility to make parametric design and 
mass customization part of the online-marketing 
of SMEs in the design- and building sector with-
out the need of a high initial investment. It does 
however call for a closer cooperation between 
a younger generation of designers and archi-
tects with producers who run their businesses 
as craftsmen on a broader scale than is usually 
the case. In addition to this the task remains to 
provide individually configurable semi-automatic 
data processing from the CAD model to the CNC 
milling machine (or other machines) for SMEs, 
that are easy to implement and meet the needs of 
individual enterprises [6].

4.1 Outlook on Design Education
Students in design and architecture often have the 
chance to learn about parametric design (e. g. us-
ing the Rhino/Grasshopper combination); the con-
nection to mass customization however, is made 
less frequently. Next steps in developing this area 
in the building sector could be, on the part of de-
sign education, to regularly introduce parametric 
design techniques accompanied by theory and 
practical exercises directed also at mass custom-
ization strategies in design and architecture. 

4.2 Outlook on the Automated Production 
of Product-Specific Machine Program-
ming
The digital strategy of Hans Sachs and Sebastian 
Bächer to automatically combine fixed and vari-
able text blocks including customer choices into 
full .mpr-syntax within the Grasshopper macro 
program could also be applied by just using PHP-
programming. The practicality of this alternative 
approach needs to be tested as a next step refin-
ing the proposed workflow.
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